Tryptophol is a natural component isolated from vinegar produced from the boiled extract of black soybean. We have reported that tryptophol induces apoptosis in U937 cells via activation of caspase-8 followed by caspase-3. Tryptophol, however, did not affect human peripheral blood lymphocytes (PBL). In this study, we found that tryptophol enhances formation of a death-inducing signaling complex including death receptor (DR) 5. Cell viability and induction of apoptosis by tryptophol was reduced by transfection with decoy receptor (DcR) 1. These results indicate that tryptophol induces apoptosis through DR5 and that the resistance of PBL to tryptophol-induced apoptosis might be due to competition from DcR1.
We have reported that the boiled extract of black soybean, which is used as a raw material in vinegar production, and its ethyl acetate extract induce apoptosis in U937 cells but not in human peripheral blood lymphocytes (PBL). 1) We isolated tryptophol as an apoptosis-inducing component from vinegar, and found that in U937 cells, but not PBL, it induces apoptosis by activating caspase-8 followed by caspase-3.
2 ) We also found that tryptophol is produced during ethanol fermentation by Saccharomyces cerevisiae during the production of black soybean vinegar and that it is also present in the shochu distillation slurry, Japanese sake, and sake cakes. 3) Apoptosis is a highly regulated process of cell death involved in many physiologic and pathologic processes. 4, 5) Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL, also called Apo2L) is a relatively new member of the tumor necrosis factor family that induces apoptosis. TRAIL receptors 1 (DR4) and 2 (DR5) are typical cell death receptors that have death effecter domains in their cytoplasmic tails. 6) DR4 and DR5
recruit Fas-associated death domain and caspase-8, which induce formation of a death-inducing signaling complex (DISC) and leads to caspase-8 activation. 6) TRAIL receptors 3 and 4, also known as decoy receptor (DcR) 1 and 2, lack death effecter domains. The expression of DcR1 and DcR2 is limited in tumor cells, and they have been proposed to inhibit TRAIL-induced apoptosis competitively. 7) Therefore, it is thought that DcR1 and 2 mediate resistance to apoptosis in normal lymphocytes. 8) There have been many reports of botanical components involving induction of apoptosis through death receptors. [9] [10] [11] For instance, 3,3 0 -diindolylmethan induces apoptosis in pancreatic cancer cells by up-regulating DR5.
12) 1 0 -acetoxychavicol acetate also induces apoptosis of myeloma cells by induction of TRAIL and DR5. 13) In this study, we investigated the molecular mechanism by which tryptophol promotes apoptosis in U937 cells but not PBL.
Human leukemic U937 cells were obtained from the Health Service Research Resources Bank (Osaka, Japan). RPMI 1640 medium, fetal bovine serum, and antibiotics (penicillin/streptomycin/amphotericin) were purchased from Iwaki Glass (Chiba, Japan). Protein G-SepharoseÔ 4 Fast Flow was purchased from GE Healthcare (Piscataway, NJ). Caspase-8 monoclonal antibody was purchased from Medical and Biological Laboratory (MBL) (Nagoya, Japan). DR5 polyclonal antibody was purchased from Lab Vision (Fremont, CA). All other chemicals were of analytical grade and were purchased from Nacalai Tesque (Kyoto, Japan).
Cell viability and induction of apoptosis were determined using a WST-8 and ELISA assay, as described previously.
2) The PBLs used in these experiments were prepared from the blood of three healthy volunteers, as described previously.
1) All experimental procedures and protocols were approved by the Ethics Committee of Kumamoto University.
Immunoprecipitation was performed as follows:
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Biosci. Biotechnol. Biochem., 71 (8), [2065] [2066] [2067] [2068] 2007 Note Tryptophol-treated and untreated U937 cells were harvested, washed twice with PBS, and resuspended in lysis buffer (20 mM Tris-HCl, pH 7.5, 137 mM NaCl, 2 mM EDTA, 1% Triton-X 100, 1% deoxycholic acid, 1 mg/ml aprotinin, and 1 mM phenylmethylsulfonyl fluoride). Proteins (10 ml) were immunoprecipitated overnight at 4 C using antibodies coupled to protein G-SepharoseÔ 4 Fast Flow. The beads were washed four times with lysis buffer, and proteins were eluted with SDS sample buffer (25 mM Tris-HCl, pH 7.4, 192 mM glycine, and 1% (w/v) SDS). Immunoprecipitated proteins were separated by SDS-PAGE and subjected to immunoblot analysis as described previously. 2) Total RNA was prepared from 1 Â 10 5 cells using a catrimox-14 RNA Isolation Kit ver. 2.11 (Takara Bio, Shiga, Japan) according to the manufacturer's instruc- A, U937 cells were treated with 80 mg/ml of tryptophol for 12 h. Protein (30 mg) from whole cell lysates was subjected to SDS-PAGE followed by immunoblotting with a caspase-8 antibody. B, Analysis of DISC formation by immunoprecipitation and immunoblotting. U937 cells were treated with 80 mg/ml of tryptophol for 1, 3, and 12 h. Whole cell lysates (10 mg protein) were immunoprecipitated with an antibody to DR4 and 5. The precipitates were separated by SDS-PAGE. The separated proteins were analyzed by immunoblotting using caspase-8, and DR4 or 5 antibody as a control.
respectively. PCR products were size-fractionated by electrophoresis on 2% agarose gels and visualized by ethidium bromide staining. For Northern blot analysis, 20 mg of total RNA was separated by electrophoresis on a 1.2% agarose/5% formaldehyde gel and transferred to a nylon membrane. Probe DNA was labeled using DIG High Prime DNA Labeling and Detection Starter Kit I (Roche Diagnostics, Mannheim, Germany). Detection of labeled probes was performed using CDP-Star ready-touse reagents (Roche Diagnostics).
The cDNA containing the complete coding region of DcR1 was cloned into the PshA1 site of the pTriEXÔ- We confirmed that 80 mg/ml of tryptophol induced cleavage of caspase-8 in U937 cells (Fig. 1A) . In addition, immunoprecipitation and immunoblot analysis showed that tryptophol induced the formation of a DISC including DR5 but not DR4 in U937 cells (Fig. 1B) . RT-PCR showed that the expression of DcR1 was significantly higher in PBL than in U937 cells (Fig. 2A) . Also, we confirmed that DcR1 expression increased in U937 cells transfected with DcR1/pTriEXÔ-4 Neo (Fig. 2B) . Cell viability and apoptosis assays indicated that DcR1/ pTriEXÔ-4 Neo-transfected U937 cells were less sensitive to tryptophol than untransfected and mock cells (Fig. 2C, D) . These results indicate that tryptophol A, Total RNA (0.5 mg) extracted from U937 cells and PBL was analyzed by RT-PCR using primer sets specific to DcR1, DcR2, and -actin. Amplified cDNAs were separated by electrophoresis on a 2% agarose gel and stained with ethidium bromide. The data for PBL are representative of triplicate experiments using PBLs from three healthy volunteers. B, Total RNA (20 mg) extracted from untransfected, mock, and DcR1-transfected U937 cells was subjected to Northern blot analysis using a DIG-labeled DcR1 fragment as a probe. C, DcR1-transfected, mock and untransfected U937 cells, and PBL were treated with 80 mg/ml of tryptophol for 12 h, and cell viability was determined by WST-8 assay. Symbols: , mock (U937); , untransfected (U937); , DcR1 transfectant (U937); , PBL. D, Untransfected, mock, and DcR1-transfected U937 cells (a), and PBL (b) were incubated in the presence (+) and absence (À) of tryptophol (80 mg/ml) for 12 h. Induction of apoptosis was determined by ELISA. The values shown in C and D are means AE S.E.M of triplicate experiments. In the data for PBL, the blood of three healthy volunteers was used.
ÃÃ P < 0:01 (untransfected vs. DcR1-transfected U937 cells treated with 80 mg/ml of tryptophol).
induced apoptosis by promoting the formation of a DISC including DR5 and caspase-8, followed by activation of caspase-8.
In this study, we found that U937 cells expressed a lower level of DcR1 than PBL and that transfection of U937 cells with DcR1 reduced the cytotoxicity and induction of apoptosis by tryptophol. Thus the difference in the ability of tryptophol to induce apoptosis in U937 cells and PBL may be related to the different levels of DcR1 expression. Since an apoptosis-inducing component that induces through the TRAIL receptor family effective only against cancer cells is hoped for as a new strategy in anticancer therapy, [9] [10] [11] [12] [13] tryptophol might be promising as an agent against cancer. However, induction of apoptosis by tryptophol was not completely suppressed in DcR1-transfected U937 cells. Since it is thought that a number of factors take part in the induction of apoptosis, there might be triggers other than the formation of DISC, including DR5, in apoptosis that tryptophol induces in U937 cells. Also, since factor forming DISC was not identified in this study, further studies are needed to elucidate the detailed mechanism by which tryptophol promotes the formation of a DISC containing DR5 and caspase-8 and the way it induces apoptosis in U937 cells.
